Lepton flavor violating decays of vector mesons 
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We estimate the rates of lepton flavor violating decays of the vector mesons p,ui,cf> — > e/t. The 
theoretical tools are based on an effective Lagrangian approach without referring to any specific 
realization of the physics beyond the standard model responsible for lepton flavor violation (Iff ). 
The effective lepton-vector meson couplings are extracted from the existing experimental bounds 
on the nuclear — e~ conversion. In particular, we derive an upper limit for the Iff branching 
ratio of 4> mesons with Br(0 —¥ ep) = 1.3 x 10~ 21 which is much more stringent than the recent 
experimental result Br(</> — > e/i) < 2 x 10 -6 presented by the SND Collaboration. Our derived, very 
tiny limits on Iff decays of vector mesons clearly prevent a possible, direct experimental observation 
of these processes. 
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The study of lepton flavor violation (Iff ) processes in- 
volving charged leptons is an important tool to search for 
New Physics beyond the Standard Model (SM). Recently 
the SND Collaboration at the BINP (Novosibirk) [1] re- 
ported on the search for the Iff process e + e~ — > e/t 
in the energy region y/s = 984 — 1060 MeV at the 
VEPP-2M e + e~ collider. They give a model indepen- 
dent upper limit on the <f> — > e/i branching fraction of 
Br(0 — > e/i) < 2 x 10 -6 . In the literature there already 
exists a stringent limit with Br(</> — > e/i) < 4 x 10 -17 Q], 
deduced from the existing experimental bounds on the 
Iff /j, — > 3e decay. 

In Refs. [!, [3] we studied the Iff process of nuclear 
/t~ — e~ conversion in nuclei. This work was set up 
within the general framework of an effective Lagrangian 
approach without referring to any specific realization of 
physics beyond the SM responsible iorlff . We exam- 
ined the impact of specific hadronization prescriptions on 
New Physics contribution to nuclear pT — e~ conversion 
and stressed the importance of vector and scalar meson 
exchange between lepton and nucleon currents. As one 
consequence we derived limits on various If f couplings of 
vector mesons to fx—e current using existing experimental 
data on pT — e~ conversion in nuclei. The purpose of the 
present letter is to apply these limits to set upper bounds 
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FIG. 1: Contribution of vector mesons to nuclear /i — e 
conversion. 

on the rates of the vector meson decays p, Li, 4> — > e/i. 

The contribution of vector mesons to /i~ — e~ conver- 
sion in nuclei is shown in Fig. 1. In this diagram the 
upper vertex corresponds to the Iff interactions of vec- 
tor mesons M — p,uj,4> with e,/i given by the following 
model-independent Lagrangian Q: 

= +e A l ^)M^ a) 

where M = p,uj,(f> and £y A are effective vector and axial 
couplings of a vector meson M to the Iff lepton cur- 
rents — e~7 M /i and = e^ pL "f^p,. The lower vertex 
of the diagram in Fig 1 is described by the conventional 
nucleon- vector meson Lagrangian of the form 043] : 

Cmnn = [g pNN P f ,r + g ujNN + g^ NN 0„] N. (2) 
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In this Lagrangian we neglected the derivative terms 
which are irrelevant for coherent pT — e~ conversion. For 
the meson- nucleon couplings guNN we use the numerical 
values taken from an updated dispersive analysis [f| Q 
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Starting from the Lagrangian C^jf = £ej7 + Cmnn of 
Eqs. (HJ and ([2]) it is straightforward to derive the con- 
tribution of the diagram in Fig. 1 to the total p~ — e~ 
conversion branching ratio Q. To the leading order of 
the non-relativistic reduction the coherent p~ — e~ con- 
version branching ratio takes the form Q 
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where p e , E e are 3- momentum and energy of the outgoing 
electron (for details see Ref. 0,01); — > capture) is 
the total rate of the ordinary muon capture reaction. The 
factor Q in Eq. (Q} has the form 
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It contains the nuclear matrix elements M PiU which have 
been calculated numerically in Refs. [Io| for various nu- 
clei. Here we consider p~ — eT conversion in 48 Ti studied 
by the SINDRUM II Collaboration For this nu- 

cleus we have M p « 0.104, M n « 0.127. The Q factor 
also contains the Iff lepton-nucleon parameters avv,AV- 
For the contribution of the meson-exchange diagram in 
Fig. 1 these coefficients are expressed in terms of the 
Iff couplings of Eq. Q as @, El 
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We note that the Lagrangian (fTJ) also governs the 
Iff decay of vector mesons M — > e + p. Thus, using 
the limits from Eq. ([7|) we can set upper bounds on the 
rates of these two-body decays. Their branching ratios 
are given by: 

Br(M -> e + p) * ^jj^ m M ( 1 - , (8) 
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where rjj = m^/mM with M = p,u),4> and T is the to- 
tal decay width of meson M. Here we neglect the electron 
mass. With the limits set by Eq. ([7]) we get the following 
upper limits on the branching ratios of the vector meson 
Iff decays 



Br(p -> e + M) < 3-5 x 10~ 24 , 
Br(cj -)• e + /i) < 6.2 x 10~ 27 . 
Br(<£ -> e + /x) < 1.3 x 10~ 21 . 
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In comparison with the existing limit on the transition 
<f> —> e + p, extracted from p —> 3e in Ref. ,2l|, our limit is 
about 4 orders of magnitude more stringent. The exper- 
imental upper bound on this process recently reported 
by the SND Collaboration Q is even 15 orders of magni- 
tude larger than the one which we derived from p~~ — e~ 
conversion. 

In conclusion, we extracted from the experimental 
data on nuclear p~ — e~ conversion new upper limits 
on the Iff couplings of vector mesons to the e — p lepton 
currents. Then we applied these limits to deduce bounds 
on the branching ratios of p, u, <f> — ¥ e + p decays. The 
obtained limits @ are significantly more stringent than 
those exiting in the literature. In view of these bounds, 
which are 15 orders of magnitude below the current ex- 
perimental upper limit, the prospects of direct experi- 
mental observation of p, Li, <j) — > e + p decays look rather 
pessimistic. 



with a = V,A. Here m p ,m w ,m^ and to m are the vec- 
tor meson and muon masses respectively. In Ref. Q we 

extracted upper limits on the couplings a^y from the ex- 
perimental upper bounds on p~ — e~ conversion in 48 Ti 
reported by the SINDRUM II Collaboration [ll|. These 
limits can be translated into limits on the Iff couplings 
^y'a • Assuming no accidental cancellations between dif- 
ferent terms in ([6]) and using the values of the meson- 
nucleon couplings from Eq. we get 

< 3.6 x 10~ 12 , & < 3.6 x 10~ 14 , < 1.0 x 10~ n .(7) 
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